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velocardiofacial syndrome (VCFS), and conotruncal anomaly 
facies syndrome (CAFS).2) The major clinical characteristics of 
these syndromes include cardiac defects, cleft palate, aplasia or 
hypoplasia of the thymus, facial dysmorphia, immune deficiency, 
speech-learning disabilities, and psychiatric complications.2) 
The acronym “CATCH22” (which represents cardiac defects, 
abnormal facies, thymic hypoplasia, cleft palate, hypocalcemia, 
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Introduction

Chromosome 22q11 deletions are second only to Down syn-
drome in frequency among autosomal chromosomal abnor-
malities, with an estimated incidence of 1 in 4,000 live births.1) 
Chromosome 22q11 deletions are associated with a wide 
range of fetal phenotypes, such as DiGeorge syndrome (DGS), 
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Purpose: This study was designed to determine the frequency and echocardiographic findings of 22q11.2 deletions in 
fetuses with cardiac defects on fetal ultrasound or familial backgrounds of 22q11.2 deletions. 
Materials and methods: We retrospectively reviewed the medical and ultrasonographic records of 170 fetuses that 
underwent fluorescence in situ hybridization (FISH) analysis for chromosome 22q11.2 deletions between February 2001 
and April 2013. 
Results: Among 145 fetuses with cardiac defects, six (4.1%) had 22q11.2 deletions. Deletions of 22q11.2 were detected in 6 
(5%) of the 120 fetuses with conotruncal defects: 5 (8.9%) of 56 with tetralogy of Fallot (TOF) and 1 (5.9%) of 17 with double 
outlet right ventricle (DORV). No deletions were found in cases of pulmonary atresia, truncus arteriosus, right aortic arch, or 
transposition of the great arteries. No 22q11.2 deletions were found in non-conotruncal cardiac malformations. Among 25 
fetuses with familial backgrounds of 22q11.2 deletions, one (4%) had a maternally inherited 22q11.2 deletion with no cardiac 
findings. 
Conclusion: Knowledge of the frequency and echocardiographic findings of 22q11.2 deletions might be helpful for prenatal 
genetic counseling. It is advisable to perform FISH analysis for 22q11.2 deletions in pregnancies exhibiting conotruncal 
cardiac defects such as TOF or DORV. 
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and 22q11 deletion) was proposed in 1993 as an aid for remem-
bering the main features of the syndrome encompassing DGS, 
VCFS, and CAFS.3, 4) It was reported that 83% of fetuses with 
22q11 deletions develop cardiovascular abnormalities such as 
tetralogy of Fallot (TOF), interrupted aortic arch (IAA), truncus 
arteriosus (TA), and double outlet right ventricle (DORV).5) The 
clinical phenotypes of DGS, VCFS, and CAFS are caused by the 
deletions of several nucleotide sequences from the chromosome 
22q11.2 band. Chromosome 22q11.2 deletions are easily 
detected with extremely high accuracy by fluorescence in situ 
hybridization (FISH),6, 7) a genetic technique that is commonly 
used for the detection of 22q11.2 deletions in metaphase 
chromosomes of lymphocytes, amniocytes, or chorionic villi.8) 
Prenatal echocardiography also plays a very important role 
for the detection of 22q11.2 deletions because many cardiac 
abnormalities are associated with this chromosomal mutation. 
However, there are no reports examining the relationships 
between chromosome 22q11.2 deletions and sonographic 
cardiac malformations detected during the prenatal period in 
Korean patients. 

We designed this study to determine the frequency of 
22q11.2 deletions in fetuses with cardiac anomalies or familial 
backgrounds of 22q11.2 deletions, as detected by FISH during the 
prenatal period, and to evaluate the echocardiographic findings 
of fetuses with 22q11.2 deletions.

Materials and Methods

We retrospectively reviewed the medical and ultrasonographic 
records of 170 fetuses that underwent FISH analysis for 
chromosome 22q11.2 deletions between February 2001 and 
April 2013. Of these 170 fetuses, 6 were twins and 158 were 
single pregnancies. 

Either a karyotype or FISH test was performed on fetal cells 
obtained by chorionic villi sampling (N=5), amniocentesis (N= 
134), or cordocentesis (N=31). FISH tests for 22q11.2 deletions 
were carried out using a commercially available locus-specific 
probe of TUPLE1 or N25 (Vysis, Downers Grove, IL, USA).9) 

Results

A total of 170 fetuses were investigated via FISH analysis 
with chromosomal studies. Indications used in the fetal genetic 
study were fetal cardiac defects on echocardiograms (N=145) 
including conotruncal cardiac anomalies (N=120) and non-
conotruncal cardiac anomalies (N=25), and familial backgrounds 
of possible 22q11.2 deletions (N=25) including family histories 
of 22q11.2 deletions (N=7), previous history of childbearing with 
conotruncal cardiac defect (N=12), and normal fetus of a twin 
pair with one fetus with conotruncal defect (N=6) (Table 1).

Table 1. Indications of FISH Analysis for Chromosome 22q11.2 Deletions
Indication N=170

Positive fetal echocardiographic finding showing cardiac defect 145

Conotruncal cardiac defect 120

Non-conotruncal cardiac defect   25

Genetic or familial background that may include 22q11.2 deletions   25

Family history of 22q11.2 deletions    7

Previous history of childbearing with conotruncal cardiac defect   12

Normal fetus in a twin pair where the other fetus has a conotruncal defect    6

FISH, fluorescence in situ hybridization

Table 2. Characteristic of Fetuses with Karyotypic Anomaly
Case Age Karyotypic result  FISH Indication of FISH Ultrasound finding

1 33 47,XX,+21 Normal Positive fetal echocardiogram TOF small sized PA

2 31 47,XX,+21 Normal Positive fetal echocardiogram TOF

3 34 46,X,t(X;3)(q26;q25.3) Normal Positive fetal echocardiogram DORV, TGA type

4 40 45,X[20]/46,X,idic(Y)(q11.22)[12] Normal Positive fetal echocardiogram VSD, PS

5 31 46,XX,t(3;4)(q21;p12) Normal Positive fetal echocardiogram TOF

6 29 47,XX,+mar[60]/46,00[48] Normal Previous TOF baby Normal

TOF, tetralogy of Fallot; DORV, double outlet right ventricle; TGA, transposition of great arteries; PA, pulmonary atresia; VSD, ventriculoseptal defect; FISH, 
fluorescence in situ hybridization
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There were 6 cases of other karyotypic anomalies: 2 cases of 
trisomy 21, 46,X,t(X;3) (q26;q25.3), 45,X[20]/46,X,idic(Y)(q11.22)
[12] 47,XX,+mar[60]/46,00[48] and 46,XX,t(3;4)(q21;p12) (Table 
2). There was no chromosome 22q11.2 duplication among 170 
fetuses.

Conotruncal cardiac anomalies included TOF (N=56), RAA 
(N=20), DORV (N=17), transposition of the great arteries (TGA; 
N=10), pulmonary atresia (PA; N=9), ventriculoseptal defect 
(VSD; N=7), and truncus arteriosus (TA; N=1) (Table 3). Non-
conotruncal cardiac anomalies included hypoplastic left heart 
syndrome (HLHS; N=8), coarctation of the aorta (CoA; N=7), 
atrioventriculoseptal defect (AVSD; N=1), aortic stenosis (AS; 
N=1), and others (N=7). Table 3 shows that 22q11.2 deletions 
were found in 5 fetuses (8.9%) with TOF and 1 fetus (5.9%) with 
TOF type DORV. Deletions of 22q11.2 were detected in 6 (5%) of 
120 fetuses with conotruncal defects. No deletions were found 
in conjunction with PA, TA, VSD, RAA, or TGA of fetuses with 
conotruncal malformations. Furthermore, no deletions were 
found in fetuses with non-conotruncal cardiac malformations.

Seven fetuses (4%) of the 170 tested were confirmed to have 
chromosome 22q11.2 deletions with normal karyotypes (Table 
4). Among 145 fetuses with cardiac defects, six (4.1%) had 
22q11.2 deletions: five had sonographic finding of TOF and one 
had TOF type DORV. Of the 5 fetuses with TOF, only one fetus 
was revealed to have an additional heart anomaly, which was 
RAA. Three fetuses showed extracardiac anomalies in addition 
to TOF: hypoplasia of the thymus, left club foot deformity, and 
polyhydramnios. Among 25 fetuses with familial backgrounds 
of 22q11.2 deletions, 1 (4%) had a maternally inherited 22q11.2 
deletion with no cardiac findings (case 7). Of these 7 fetuses, 
2 were referred to a tertiary center, and 5 were followed-up 
loss. The result of following up the mother referred to a tertiary 
center showed that case 1 as TOF, Cayler cardiofacial syndrome 
and congenital laryngomalacia and case 6 as TOF with thymic 
hypoplasia were diagnosed postnatally (Table 4).

Discussion

Chromosome 22q11 deletion is a genetic abnormality and is 
the most common interstitial deletion syndrome.10) Most 22q11 
deletions are de novo deletions; only 8% of the deletions are 
inherited in an autosomal dominant fashion. If one parent is 
a carrier of the chromosomal deletion, the inheritance rate of 
phenotypic abnormality is 50%.11) Deletions in chromosome 
22q11 have been found in 90% of patients with DiGeorge 
syndrome, 70% of patients with velocardiofacial syndrome and 
15% of patients with isolated conotruncal cardiac defects.11) In 
previous studies, the prevalence of 22q11.2 deletions associated 
with conotruncal cardiac defects ranges from 1% to 48%.12) 

One study reported that deletions of 22q11.2 were detected 
in 17.9% of 251 patients with conotruncal defects and that 

Table 3. Proportions of 22q11.2 Deletions According to Types of 
Conotruncal Cardiac Malformation
Subtype Total number Number of 22q11.2 deletions (%)

TOF 56 5 (8.9%)

RAA 20 0

DORV 17 1 (5.9%)

TGA 10 0

PA 9 0

VSD 7 0

TA 1 0

Total number (%) 120 6 (5%)

TOF, tetralogy of Fallot; RAA, right aortic arch; DORV, double outlet right 
ventricle; TGA, transposition of great arteries; PA, pulmonary atresia; VSD, 
ventriculoseptal defect; TA, truncus arteriosus.

Table 4. Clinical Characteristics of Fetuses with 22q11.2 Deletions

Case Gestational age at sonographic diagnosis 
(weeks) Sonographic description of CHD Extra-cardiac 

sonographic finding Karyotype Fetal outcome

1 22.3 DORV TOF type – 46,XX Refer to a tertiary center*

2 21 TOF, RAA – 46,XY Follow up loss

3 20 TOF Hypoplasia of thymus 46,XY Follow up loss

4 20 TOF Left club foot deformity 46,XX Follow up loss

5 26 TOF – 46,XX Follow up loss

6 25 TOF Polyhydramnios 46,XX Refer to a tertiary center†

7 20 none – 46,XY Follow up loss

Follow-up result:
*postnatal diagnosis: TOF, Cayler cardiofacial syndrome, and congenital laryngomalacia
†postnatal diagnosis: TOF, thymic hypoplasia
CHD, congenital heart disease; TOF, tetralogy of Fallot; RAA, right aortic arch; DORV, double outlet right ventricle
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the echocardiographic findings of 22q11 deletions were IAA 
(50%), TA (34.5%), TOF (15.9%), and DORV (5%).13) Rauch et al.14) 
reported that the frequency of 22q11.2 deletions in TOF patients 
was 8% (5-13%). In our sample, deletions of 22q11.2 were 
detected in 6 (5%) of 120 fetuses with conotruncal defects: 5 
(8.9%) of 56 with TOF, and 1 (5.9%) of 17 with DORV. 

Although few pathological mechanisms have been described, 
many non-conotruncal malformations are sporadically 
associated with 22q11.2 deletions.15) The prevalence of non-
conotruncal malformations is only 1% (0.5-1.4%), supporting 
the common recommendation that all children diagnosed 
with conotruncal malformations be tested for the 22q11 
deletions.12) 22q11 deletions have also been identified in 
patients with congenital heart defects, including hypoplastic 
left heart syndrome, heterotaxy syndrome, valvular pulmonary 
stenosis, and bicuspid aortic valve.16) In our study, we performed 
chromosomal analysis and FISH analysis in cases for the non-
conotruncal cardiac malformation when it was difficult to 
diagnose fetal echocardiogram definitly. But deletion of 22q11.2 
was not detected in fetuses with non-conotruncal defects. FISH 
analysis in fetuses with non-conotruncal cardiac malformation 
may not be justified.   

Our results agree with those of previous studies showing 
that the chance of an extracardiac malformation increases in 
nuchal translucency, polyhydramnios, and IUGR.17) Therefore, 
the presence of extracardiac malformations can predict 22q11.2 
deletions in fetuses with TOF.

A 24% rate of deletion has been reported postnatally even in 
patients with apparently isolated RAA.18) Among subtypes of 
conotruncal cardiac malformation in our sample, 20 fetuses with 
isolated right aortic arch (RAA) underwent FISH analysis due 
to concern of chromosome 22q11.2 deletions (Table 3). but the 
minimal risk of chromosomal anomalies in fetuses with isolated 
right aortic arch anomalies may justify not performing invasive 
testing.19)

In case 6, fetal karyotyping and FISH test were performed 
due to TOF detected via sonographic findings. The results of 
FISH analysis confirmed 22q11.2 deletion. Later, the mother 
was found to be a carrier of the deletion by FISH performed 
on metaphase lymphocytes. There was no maternal cardiac 
malformation, apparent deformity and mental retardation. The 
mother was referred to a tertiary center. The result of following-
up the mother showed her baby was diagnosed as TOF, thymic 
hypoplasia postnatally and performed TOF total repair at 8month 
after birth.

It is necessary to emphasize that 22q11.2 deletions are 

asso ciated primarily with de novo deletions and phenotypic 
variability. In case 7, a 34-yr-old gravida 3 para 2 woman under

went fetal echocardiography and fetal FISH testing because 
her first baby died of sepsis due to VSD complications at 7 days 
after birth and her second pregnancy was terminated due to TOF 
findings on prenatal echocardiography. The fetus was confirmed 
to have  chromosome 22q11.2 deletions by FISH test, but showed 
no cardiac anomalies on echocardiography. The mother was also 
diagnosed with chromosomal deletion by FISH analysis. She did 
not show unusual facies or known cardiac abnormalities. The 
patient was followed-up loss at 30 weeks (Table 4).20)

Although a limitation of this study is the relatively small 
number of fetuses with 22q11.2 deletions that were included 
in our sample, not only was a relationship between prenatal 
echocardiographic findings and 22q11.2 deletions established, 
but the prevalence of 22q11.2 deletions in fetuses with TOF 
was revealed for the first time in a Korean sample. At the same 
time, our results agree with those of previous studies regarding 
the frequency of 22q11.2 deletions. Our results suggest that 
FISH analysis should be considered for the detection of 22q11.2 
deletions when TOF is detected on prenatal echocardiography. 
However, non-conotruncal malformations are not indicated.

Some patients will require FISH analysis for the detection of 
22q11.2 deletions, including: 1) couples with family histories 
of 22q11.2 deletions, and 2) pregnant women with abnormal 
prenatal echocardiography findings, especially conotruncal 
cardiac anomalies such as TOF.

However, even if chromosome 22q11.2 deletions are confirmed 
by FISH analysis, prenatal counseling remains difficult in view of 
the clinical variability originating from differences in genotypes 
and phenotypes of patients with 22q11.2 deletions. However, 
prenatal genetic counseling is helpful for detecting other affected 
family members and determining the delivery plan. 

In conclusion, information regarding the frequency and echo

cardiographic findings of 22q11.2 deletions might be helpful 
for prenatal genetic counseling. Our findings indicate that it is 
advisable to perform FISH analysis for the detection of 22q11.2 
deletions in cases where conotruncal cardiac malformations, 
such as TOF or DORV, are identified on prenatal screening. 
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